Abstract-At preservation of fruits and berries mass-exchange processes take place in liquid mediums, which define quality of the canned production. The composition of covering syrup should guarantee preservation of turgor, taste and color of fruits and berries and prevent fermentation processes. We carried out construction and adequacy examination of kinetic model for moisture osmotic transfer for fruit-berry material to covering syrups at thermal and refrigerating preservation. We obtained empirical coefficients. It was established that moisture migration rate depends on berry type and syrup concentration. Moisture loss for more than 30% results in berries turgor loss, which makes its further storage impractical. Using the obtained equation and empirical constants, we have established that the duration of the refrigeration storage of cowberry canned in 30% sugar syrups for the stated conditions was about 130 days.
I. INTRODUCTION
The most common cause of deterioration in the texture of food products during refrigeration processing and storage is a change in its moisture content, including loss of moisture, an increase in humidity, or migration of moisture. Moisture migration can occur in multicomponent products if individual components are characterized by different indicators of water activity [1, 2] . The organoleptic perception of the product is governed by a combination of many changing factors. However, the correlation of organoleptic, physico-chemical and biochemical parameters is often absent. Testing the product during storage allows one to determine the indicators which are most important for assessing its quality and safety [3, 4] .
The processes of diffusive transfer of soluble components and osmotic transfer of moisture limit the period of cold storage of canned fruits and berries in liquid media. The study of the kinetics of mass transfer processes leading to the redistribution of soluble substances in the "berries-syrup" system is relevant in the development of technologies based on fruit and berry raw materials preserved in liquid media.
For implementation of defrosting end storage of wild fruits and berries in liquid mediums in unregulated conditions the composition of covering syrups should guarantee quality (turgor, taste, color) of the fruits and berries and prevent fermentation processes [5, 7] . The intensity of the diffusionosmotic processes depends on a number of factors, including temperature, viscosity and density of the medium, the presence of various electrolytes. Therefore, when defrosting fruits and berries in liquid media, it is necessary to take into account the rheological properties of these media, the viscosity and density of which have a significant effect on the rate of diffusion of soluble substances.
With respect to berries cell juice the sugar-covering syrups are hypertonic solutions. In order to prevent plasmolysis, one should choose its concentrations in such a way as to ensure alignment of the osmotic pressures. From the other side, osmotic pressure should be enough for microorganism cell dewatering, its plasmolysis and total inactivation [8, 9] .
To assess the intensity of changes occurring in products during storage, and to obtain information about the influence of various factors on the storage time, the principles of modeling are used [10] [11] [12] .
The development of kinetic models suitable for practical use has some difficulties. Most often, they are developed on the basis of empirical data obtained from model experiments. In this case, the necessary condition is to check the adequacy of the obtained models to prove that they are reliable not only in laboratory conditions, but also when describing real food systems [13] .
The aims of the present work are to construct kinetic model of moisture osmotic transport process from the fruit-berry material to the covering syrups; carry out adequacy examination of the obtained model; obtain kinetic constants for various types of fruits and berries.
II. MATERIALS AND METHODS
In order to examine the adequacy of the developed mathematical model we used fresh and frozen cranberries and cowberries and syrups with sucrose content of 30, 40 and 50%. Analysis of sucrose content in berries and syrups was carried out by refractometry technique, which is widely used in many research areas [14] [15] [16] .
III. RESULTS AND DISCUSSION

A. Construction of physical-mathematical model
For construction of appropriate physical-mathematical model we will consider the following terms: C0 is total sugar concentration in a berry, mole/m 3 , which might be presented as:
at this C0 < Cs.
Due to appearance of osmotic pressure the water molecules from berry will migrate to the syrup through the berry surface layer. This layer is a membrane, which is permeable for water molecules and non-permeable for larger particles, in particularly, sucrose molecules. This process will continue until the sugar concentrations in a berry juice С() and syrup Cs become equal.
The osmotic water transport through the surface layer of a berry is a slow (and, consequently, laminar) flow of viscous liquid through small channels. So we may use the Poiseuille [17] formula for liquid volume dV, passing during the time d, i.e. the following expression (2):
where:
p0 is osmotic pressure, Pa; N is amount of channels in a berry surface layer; S is sectional area of one channel, m 2 ; d is channel length which is equal to a berry surface layer width, m;
 is dynamic water viscosity, kg/(m . s);  is dimensionless coefficient, which depends on the channel shape (for a round channel  = 1/8).
Osmotic pressure is described by expression (3):
where: R is universal gas constant, J/(mole . K); T is absolute temperature, K. By substituting (3) in (2) taking into account the following expressions:
Let us obtain the following expression:
The expression (5) is easy to integrate. Its solution, which meets the initial condition C(0)= C0 is the following (6):
Further we introduce dimensionless constants:
where: V0, V are initial and current moisture volume in a berry, m3;
And the expression (6) can be represented in the following way (8): Empirical values of kinetic coefficient k, obtained using the expression (8) are presented in Table 1 . Fig.2 presents research data on residual moisture content in canned (a) and unfrozen in syrups (b) cowberries depending on its storage duration at temperature of (4±2)˚ С.
It was established that turgor conservation for berries canned in syrups is reached at usage of sucrose concentration not more than 30%. It allows one to reduce osmotic losses of the cell juice for canned and unfrozen in syrups berries. At berries preservation in isotonic syrups the osmotic concentration of berries cell juice is reaching the concentration of solvable dry syrup substances. So according to the expression (7)
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, the formula (8) can be rewritten as:
IV. CONCLUSIONS
The obtained expressions (6) and (8) might be used for development of composition of sugar-covering syrups and regulation of storage modes of preserved in covering syrups berries. They allow one to determine the residual moisture content in berries at any storage period [18] .
It was established that moisture migration rate depends on berry type and syrup concentration. Moisture loss for more than 30% results in berries turgor loss, which makes its further storage impractical.
Using the expression (8) and empirical constants (Table 1) , we have established that the duration of the refrigerator storage of cowberry canned in 30 % sugar syrups for the stated conditions was about 130 days. During this period cowberries preserve its taste and turgor. 
